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GREAT IDEAS IN SURGERY Robert S. Sparkman, MD, Series Editor 

The Development of Vascular Surgery 

Michael E. DeBakey, MD," Houston, Texas 

I should like to express my grateful appreciation for 
the privilege of joining the distinguished surgeons on 
this program, all of whom have the highest respect 
and esteem of surgeons throughout the world. I t  is a 
great honor to be associated with them, especially 
since one of them is the professor who started me on 
my surgical career and to whom I owe so much, Dr. 
Alton Ochsner. 

It is almost impossible to discuss the field of vas- 
cular surgery without indicating that many scientists 
around the world have contributed to  our knowledge 
in this field. Those of us who have followed this field 
carefully throughout the past several decades know 
that  many basic contributions by scientists 
throughout the world made it possible to perform the 
vascular procedures that we do routinely today. I 
could not help thinking about this while Dr. Warren 
Cole was giving his interesting description of the 
development of cholecystography, this wonderful 
contribution to clinical medicine. His story illustrates 
the importance of the contributions of the basic sci- 
ences because without them we would have no 
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foundation on which to build. We are constantly 
adding to  the contributions of our predecessors or 
contemporaries. Unfortunately, time does not permit 
me to refer to  all or even to a selected group of sci- 
entists who have contributed to our knowledge of 
vascular surgery. I have, on occasions, referred to 
them in my publications, and I shall refer to some in 
this discussion. 

Basic Contributions to the Development of 
Vascular Surgery 

I should like to give you an overview of the devel- 
opments in this field during the past twenty-five 
years, when the essential advancements occurred. Of 
these, one of the most eminent was angiography, since 
it provided the underlying basis for many significant 
achievements in this field. This important diagnostic 
procedure made possible the radiographic visual- 
ization and precise delineation of disease of the heart 
and blood vessels. I t  thus provided the clinical evi- 
dence which, along with surgical experience, estab- 
lished the fact that many arterial lesions are well lo- 
calized, with relatively normal arteries above and 
below the lesion, and are therefore amenable to sur- 
gical treatment. 

The announcement of the monumental discovery 
of the roentgen ray by Roentgen [ I ]  in 1895 fired the 
imagination of medical scientists, who immediately 
began experimenting with its potential clinical ap- 
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plication. Within a year after this announcement, two 
Gerrr,an scientists, Hascheck and Lindenthal[2], first 
demonstrated the feasibility of radiographic visual- 
ization of blood vessels by injecting a radiopaque 
substance into the blood vessels of an amputated 
hand. During the next several decades, medical sci- 
entists eagerly searched for a solution to the major 
problem that limited the clinical application of this 
diagnostic procedure, namely a non-toxic, injectable, 
radiopaque substance. Among some of the pioneers 
in this endeavor were two German scientists, Ber- 
berich and Hirsch [3], who developed a bromide so- 
lution; Brooks [4] in this country, who used a sodium 
iodide solution; Moniz [5], a Portuguese neurosur- 
geon, who devised the technic of carotid arteriogra- 
phy to visualize the arteries of the brain; and dos 
Santos [6] of Lisbon, who developed translumbar 
aortography. In 1929, Swick [7] of Germany reported 
the successful use of an organic iodide solution de- 
veloped by two German scientists, Binz and Rath [8]. 
His success stimulated subsequent researchers to 
synthesize other radiopaque substances, which fi- 
nally led to the effective, safe injectable solutions we 
use today. 

Other important contributions to the development 
of vascular surgery include the concepts of vascular 
suturing, thromboendarterectomy, graft replace- 
ment, bypass graft, and patch-graft angioplasty. The 
idea of suturing blood vessels was conceived more 
than two centuries ago by an Englishman named 
Lambert [9]. He suggested it to his colleague, Mr. 
Hallowell, who in turn successfully applied it to an 
injured artery in the arm of a patient, but the concept 
languished for more than a century. Toward the 
latter part of the nineteenth century, the impetus 
given to experimental surgery by the Listerian doc- 
trine was followed by a great revival of interest in 
vascular suturing. This interest was further stimu- 
lated by Czerny’s [ I O ]  report of the successful ap- 
plication of this procedure in a patient with an in- 
jured internal jugular vein, Postempski’s [ I  I ]  report 
of its successful use in a wound of the femoral artery, 
and particularly by the development of endoaneu- 
rysmorrhaphy by Matas [I21 in 1888. 

During the next few decades, intensive activity in 
this field, both in this country and abroad, distin- 
guished by the work of a number of surgeons, in- 
cluding Eck [13], Murphy [14], Dorfler [I5], Payr 
[16], Carrel [17], Guthrie [18], Bode and Fabian [19], 
and Jassinowsky [20], clearly demonstrated in ex- 
perimental animals the feasibility of excising arterial 
segments and restoring continuity by end-to-end 
anastomosis or by use of arterial grafts, as well as of 
transplanting organs such as the kidney and heart. 

Except for the occasional individual efforts of a few 
surgeons a t  the time, little consideration was given 
to the application of these principles in the treatment 
of patients with arterial disease. Several factors 
probably contributed to this delay. For one thing, 
certain ancillary surgical measures, particularly 
methods of inducing general anesthesia, blood 
transfusion, and chemotherapy had not been devel- 
oped adequately to support extensive vascular pro- 
cedures. For another, and most important, the 
technic of arteriography had not yet been sufficiently 
refined for general and safe clinical use. 

The reports, in 1944, of Crafoord and Nylin [21] 
in Sweden and Gross [22] in Boston of the successful 
treatment of coarctation by excision and end-to-end 
anastomosis, and a few years later, of Gross and as- 
sociates [23,24] and Hufnagel [25], of the use of ho- 
mografts to repair the defect in the aorta resulting 
from excision of coarctation, gave considerable im- 
petus to further developments of these approaches 
to treatment of arterial lesions. Then in 1951, Oudot 
[26], in Paris, reported the first case of a patient with 
occlusive disease of the lower abdominal aorta 
treated by excision and homograft replacement, as 
originally recommended by Leriche [27] almost 
thirty years earlier. In the next year, Dubost and 
associates [28] of Paris performed the first successful 
resection and homograft replacement of an aneurysm 
of the abdominal aorta. 

Although aortic and arterial homografts used to 
replace the excised segments during this early period 
seemed to function satisfactorily, they had a number 
of disadvantages, including particularly their limited 
availability and the inconvenience and time con- 
sumed in their procurement, sterilization, and 
preservation. Subsequent experience also showed 
that the tissue elements of the graft gradually dete- 
riorated and led to complications, such as aneurysmal 
formation. For these reasons, the need for a more 
suitable arterial substitute became increasingly ap- 
parent. Accordingly, we, as well as other investiga- 
tors, began directing efforts toward development of 
an arterial substitute that did not have these disad- 
vantages. 

One of the most significant developments in this 
regard was the observation of Voorhees and co- 
workers [29] that a fabric woven of Vinyon “N” 
thread could function satisfactorily as an aortic graft 
substitute. This stimulated investigators to turn their 
attention to the use of fabrics made of various ma- 
terials, such as nylon, Orion@, Teflon@, Ivalona’, and 
Dacron@, which were fashioned into tubes by differ- 
ent methods, such as sewing, braiding, heat sealing, 
knitting, and weaving. In our early experimental 
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studies, we fashioned tubes from all these materials 
by sewing the edges of two sheets of the materials 
(which I did on my wife’s sewing machine). Experi- 
ence in our laboratories indicated that Dacron was 
the preferable material. After extensive experience 
in our laboratories showed that these Dacron tubes 
functioned satisfactorily as arterial substitutes, we 
cautiously began some clinical investigations (Figure 
1). The highly satisfactory results of these early 
clinical studies encouraged us to  find a method of 
knitting these fabrics into tubes of various sizes. I 
fortunately had a patient who had had successful 
resection and homograft replacement of an aneurysm 
of the abdominal aorta, and he became interested in 
helping us with this project. Through his interest in 
a sock-knitting factory, we were able to obtain per- 
tinent information about knitting machines and 
found, upon visiting this factory, that no such ma- 
chines were available for our purposes. The  sugges- 
tion was made, however, that we consult a textile 
expert, Professor Thomas Edman of Philadelphia. 
After we discussed with Professor Edman our re- 
quirements and objectives, he enthusiastically ac- 
cepted our request to work with us on this project. He 
subsequently designed and had built a new knitting 
machine to produce seamless Dacron tubes in dif- 
ferent sizes, as well as in the form of bifurcations. We 
then experimented with these tubes to determine 
optimum porosity, and we also experimented with 
Dacron fabrics; this work ultimately led to a highly 
satisfactory and effective arterial substitute for 
clinical use [30,31]. In more recent years, we incor- 
porated a Dacron velour surface in the knitting pro- 
cess to enhance tissue adherence and development. 
Follow-up studies in thousands of patients extending 
over twenty years have shown excellent long-term 
function of these Dacron grafts (Figures 2,8,  24). 

Thromboendarterectomy, devised in 1947 by dos 
Santos [32] of Lisbon, is another important technical 
contribution to vascular surgery. He observed that 
in some patients the atheromatous occlusive process 
in the €emoral artery was well localized and could be 
peeled away easily from the remaining wall of the 
artery by finding the proper cleavage plane. Although 
the procedure has certain limitations, it proved 
highly successful in restoring circulation in certain 
types of arterial occlusive disease and was quickly 
adopted by vascular surgeons. 

Still another important contribution, and one that 
has proved to  be more widely applicable, is the by- 
pass principle devised originally by Kunlin [33] of 
France, with whom I had the good fortune to  be as- 
sociated as an “assistant ktranger” while I was 
studying under Professor Reni. Leriche at the Uni- 

Figure 1. Dacron bifurcation graft made of two sheets 
of Dacron cloth, with edges sewn together on a sewing 
machine, used to replace defect after resection of aneurysm 
of abdominal aorta in a 54-year-old white man on Sep- 
tember 2, 1954, Patient’s postoperative course was entirely 
satisfactory, and he remained well for many years. He died 
in 1964, 10 years after this operation, of probable acute 
myocardial infarction. 

versity of Strasbourg. Professor Kunlin observed that 
in some patients with occlusive disease of the femoral 
artery, the process was well localized and that the 
artery distal to  the occlusion was relatively normal, 
the circulation in this distal segment being main- 
tained by collateral vessels. He reasoned that it 
should be possible to aid nature’s efforts to restore 
circulation around the obstructed segment by at- 
taching a vein graft to an opening in the artery above 
and below the occlusive process, and thus shunt 
blood around the obstructed segment. His report of 
the successful performance of this procedure in a 
patient suffering from occlusive disease in the su- 
perficial femoral artery immediately attracted wide 
interest, and the principle was rapidly adopted. 
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Still another useful technical contribution to 
vascular surgery is patch-graft angioplasty. In our 
clinical experience with endarterectomy and tubular 
graft operations for occlusive disease of smaller ar- 
teries, such as the internal carotid, vertebral, and 
even the femoral and popliteal arteries, we found that 
a certain amount of luminal constriction may result 
from longitudinal closure of the wound and that in 
some cases this constriction may be significant. We 
experimented with various methods of repairing 
longitudinal and transverse incisions in small arteries 
in an attempt to overcome this problem. From these 
studies evolved a method of repair that  did not pro- 
duce luminal constriction. It consisted in placing a 
patch graft over the incision and suturing the edges 
of the wound to the edges of the patch graft [34 ] .  Of 
interest in this connection, we found that Carrel [I71 
and Guthrie 1181 had performed some experiments 
with the method in 1906 and had concluded that 

i 
1: 

except for experimental purposes, it would probably 
be rarely used. Contrary to their opinion, it has 
proved to be a valuable technical procedure that has 
wide clinical application. Both segments of veins and 
Dacron grafts may be used for this purpose (Figure 
34). It may be used with or without endarterectomy 
and may be combined with a bypass graft. 

One of the most significant developments in vas- 
cular surgery has been the evolution of certain con- 
cepts concerning diseases of the aorta and major ar- 
teries that  provide the basis for rational and more 
effective therapy. Most vascular diseases are of ar- 
teriosclerotic or atherosclerotic origin, but regardless 
of etiology, the concept has evolved that in many 
forms of aortic and arterial disease the pathologic 
process is well localized and segmental, with rela- 
tively normal, patent proximal and distal arterial 
beds, and this has provided the basis for effective 
surgical therapy [35-381. In general, most aortic and 

Figure 2. A, drawing and aortogram in a 59-year-old white man with progressive intermittent claudication showing occlusive 
disease of both external iliac arteries. Patient also had a moderate-sized fusiform aneurysm not visualized in the aortogram 
because of laminated thrombus formation. B, drawing showing method of resection of aneurysm and replacement with 
Dacron bifurcation. Patient remains asymptomatic 2 1 years after operation; postoperative aortogram shows patent functioning 
graft with good distal circulation. 
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arterial diseases may be classified into two major 
categories: occlusive and aneurysmal lesions. There 
is a tendency for both of these categories of the dis- 
ease to assume certain characteristic anatomic, 
pathologic, and clinical patterns of involvement. 

Occlusive Disease 

In accordance with this concept, it is possible to 
classify most, if not all, forms of arterial occlusive 
disease into four major categories involving: (1) the 
major branches of the aortic arch; (2) the major vis- 
ceral branches of the abdominal aorta; (3) the ter- 
minal abdominal aorta and its major branches; and 
(4) the coronary arteries. 

Major Branches of Aortic Arch 

In the first category, occlusive disease of the major 
branches of the aortic arch, the process tends to as- 
sume characteristic patterns with regard to extent 
and sites of involvement [39]. One form of the disease 

affects predominantly the common carotid arteries 
a t  the bifurcation and a t  the origin of the vertebral 
arteries (Figures 3,4). The second form affects pre- 
dominantly the proximal segments of these vessels 
as they arise from the aortic arch [40] (Figure 5). In 
both forms the occlusion may be partial or complete, 
but the important feature is that  the disease is usu- 
ally well localized, with relatively normal, patent 
distal arterial segments, so that these patterns are 
amenable to surgical treatment. The clinical signif- 
icance of these patterns of occlusive disease lies in 
their association with manifestations of cerebro- 
vascular insufficiency. 

The two basic surgical methods of treatment for 
these forms of occlusive disease consist in endarter- 
ectomy or bypass grafting. Our first experience with 
this pattern of occlusive disease occurred in 1953 [41]. 
The patient, a 53-year-old male bus driver, com- 
plained of intermittent episodes of weakness of the 
right arm and leg, and hesitancy and difficulty in 
speaking and writing clearly. The only significant 

A 

Figure 3. A, drawing and bilateral carotid arteriograms in a 53-year-old white man with transient ischemic episodes of 
cerebrovascular insufficiency showing severe stenosis of both common carotid arteries at bifurcation and at origin of internal 
carotid arteries. B, drawing showing method of endarterectomy and patch-graft angioplasty. Patient has remained 
asymptomatic for almost 20 years after operation; postoperative arteriogram shows restoration of normal lumen and cir- 
culation with no evidence of recurrent disease during this time. 
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physical findings were a weak pulse in the left carotid 
artery, hyperactive tendon reflexes on the right, and 
diminished femoral and pedal pulses on the left side. 
A diagnosis of occlusion of the left internal carotid 
artery was made on the basis of these and other 

A 

W 

B 

Figure 4. A, drawing and preoperative arteriogram in a 
49-year-old white man who had transient episodes of 
basilar arterial insufficiency, showing complete occlusion 
of left vertebral and severe stenosis at origin of right ver- 
tebral artery from right subclavian artery. B, drawing 
showing method of endarterectomy with Dacron patch 
angioplasty. Patient has remained asymptomatic for almost 
75 years after operation; arteriogram shows restoration of 
normal lumen and circulation with no recurrence of oc- 
clusive disease since operation. 

clinical manifestations. Previous reports of post- 
mortem studies in patients with strokes had shown 
that in some patients the occlusive process a t  the 
bifurcation of the common carotid artery and the 
origin of the internal carotid artery may be well lo- 
calized, with a patent distal segment. On this basis, 
we reasoned that endarterectomy or excision with 
graft replacement, which experience had shown was 
effective for such lesions in the lower extremities, 
might be applicable in this case. Accordingly, I dis- 
cussed this projected surgical treatment with the 
patient and members of his family, indicating that, 
as far as I knew, this operation had never been suc- 
cessfully performed on the carotid artery but that  I 
had had considerable experience with its successful 
use for similar lesions in the legs. He agreed to have 
the operation, which I performed on August 7,1953. 
After the left common internal and external carotid 
arteries were exposed, a clamp was applied to the 
common carotid artery about 2.5 cm below the bi- 
furcation; a longitudinal incision was then made in 
the common carotid artery and extended above into 
the internal carotid artery. A well-localized, some- 
what ulcerated and necrotic, yellowish-brown, ath- 
eromatous plaque was found, producing severe ste- 
nosis, with a fresh thrombus superimposed and at- 
tached to i t  and extending into the origin of the in- 
ternal carotid artery, completely obstructing its 
lumen. Thromboendarterectomy was then per- 
formed, after which there was good retrograde flow 
from both the internal and external carotid arteries. 
The arteriotomy was repaired by a continuous suture 
of fine arterial silk, and the occluding clamp was re- 
moved. An arteriogram, made after completion of the 
operation while the patient was still on the operating 
table, showed patency of the internal carotid artery 
and visualization of the middle cerebral artery. The 
patient was discharged from the hospital on the 
eighth postoperative day after an uneventful recov- 
ery. Follow-up studies showed that he improved 
progressively and returned to work as a bus driver. 
An angiogram made a little more than two years after 
admission showed both common and internal carotid 
arteries to be patent. The patient had no further 
manifestations of transient cerebral attacks. He died 
nineteen years after operation from coronary artery 
d’ isease. 

The favorable result in this case was of consider- 
able significance for several reasons. First, the con- 
cept underlying the clhical problem of cerebrovas- 
cular insufficiency resulting from extracranial arte- 
rial occlusive disease a t  the time of this patient’s 
operation had not yet been established, although 
certain reported clinical and pathologic observations 
suggested it. Second, the findings and the successful 

702 The American Journal of Surgery 



Great Ideas in Surgery: Vascular Surgery 

result obtained in this case confirmed the concept 
that  the localized occlusive process in the carotid 
artery was responsible for the manifestations of ce- 
rebral ischemia, and that removal of the occlusive 
process with restoration of circulation in the arterial 
bed distal to the occlusion was an effective method 
of treatment. Finally and most important, it provided 
considerable encouragement for more intensive in- 
vestigation of this clinical problem and further ap- 
plication of this method of treatment. 

As a result of subsequent extensive clinical, arte- 
riographic, and surgical experience, certain concepts 
concerning the diagnosis and treatment of cerebro- 

Figure 5. A, drawing and pre- 
operative arteriogram in a 
51-year-old white man with 
manifestations of cerebrovas- 
cular insufficiency and inter- 
mittent claudication of upper 
limbs showing complete seg- 
mental occlusion of both sub- 
clavian arteries and severe but 
well-localized atherosclerotic 
occlusive disease af origin of 
left common carotid artery. 6, 
drawing showing method of 
Dacron bypass graft from as- 
cending aorta to both subcla- 
vian arteries and left common 
carofid arfery. Patient has re- 
mained asymptomatic for 
about 15 years after operation; 
postoperative arferiogram 
shows graft functioning well 
with no recurrence of dis- 
ease. 

vascular insufficiency were established [40]. Thus, 
it was shown that these occlusive lesions tend to as- 
sume distinctive patterns as previously described, 
that  multiple involvement of the major carotid and 
vertebral arteries is common, and that for this reason 
as well as because of collateral circulation, the clinical 
manifestations do not always reflect the exact nature, 
site, and extent of the occlusive process. I t  therefore 
emphasized the critical need for complete angio- 
graphic studies for precise diagnosis and effective 
therapy. From a technical standpoint, we also ob- 
served that after endarterectomy, patch-graft an- 
gioplasty was usually desirable in order to prevent 
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narrowing of the lumen after simple suture closure 
of the arteriotomy and to prevent recurrence of oc- 
clusion. In addition, the most effective method of 
preventing neurologic complications from cerebral 
ischemia during temporary arrest of circulation in the 
carotid arteries while performing endarterectomy 
was found to be use of an internal shunt with a plastic 
tube. 

Characteristically, occlusive disease involving the 
innominate, common carotid, and left subclavian 

\' ' 

arteries tends to be well localized near the origin of 
these arteries with a relatively normal patent distal 
arterial bed [39]. Indeed, we have rarely observed a 
patient with this form of occlusive disease that did 
not have a patent segment distal to the lesion. For 
this reason, virtually all patients with this form of the 
disease are candidates for operation. In our early 
experience, we began using endarterectomy for some 
of these lesions, but we found that the exposure often 
required an extensive operative procedure. Our 

Figure 6. A, drawing and abdominal 
aortogram in a 58-year-old white 
woman with abdominal angina and 
progressive loss of weight, showing 
fusiform aneurysm of abdominal aorta 
and severe, well-localized athero- 
sclerotic occlusive disease at origin 
of celiac and superior and inferior 
mesenteric arteries. 6, drawing 
showing method of resection of an- 
eurysm with Dacron graft replace- 
ment and bypass graft to major 
branch of celiac artery and superior 
mesenteric artery; postoperative 
aortogram shows restoration of cir- 
culation to both celiac and superior 
mesenteric arteries. 
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gratifying experience with the bypass graft in oc- 
clusive disease of the lower extremities suggested that 
this method of surgical treatment might be prefera- 
ble. Accordingly, a method of surgical treatment was 
developed that consisted essentially in anastomosing, 
end-to-side, a Dacron graft to the ascending aorta, 
which had been exposed through a small right ante- 
rior intercostal incision a t  about the second or third 
intercostal space; tunneling the graft into the neck 
through the thoracic outlet; and attaching the distal 
end of the graft by end-to-side anastomosis to a 
patent segment of the artery in the neck [39,42]. For 
multiple lesions multiple branches could be used by 
attaching the additional grafts to the one attached 

Figure 7. A, drawing and preoperative aor- 
togram in a 56-year-old white woman with 
severe hypertension ( blood pressure 
2601 750) inadequately controlled by 
medical therapy. 6, drawing showing 
method of treatment with bypass Dacron 
grafts from abdominal aorta to both renal 
arteries. Patient has remained well with 
well-controlled blood pressure for about 20 
years after operation; postoperative aorto- 
gram shows well-functioning grafts with 
normal restoration of circulation to both 
kidneys and no evidence of recurrence of 
atherosclerotic disease since operation. 

to the ascending aorta. For some forms of the disease, 
the bypass grafts could be attached to arteries in the 
neck without making an incision in the chest. Thus, 
for occlusive disease of the left subclavian artery with 
a normal left common carotid artery, the bypass graft 
could extend from the left common carotid artery to 
the left subclavian artery. Similarly, in right common 
carotid arterial occlusion with patent innominate and 
right subclavian arteries, the bypass graft could be 
attached to the right subclavian artery and then to 
the common carotid artery distal to the occlusive 
process, usually a t  the bifurcation. These methods 
of surgical treatment proved to be associated with 
less surgical trauma and less risk and to provide 
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Major Visceral Branches of Abdominal Aorta 
Occlusive disease of the major visceral branches 

of the abdominal aorta, namely, the celiac, superior 
mesenteric, and renal arteries, also tends to be 
characterized by segmental localization, usually near 
the origin of the arteries from the aorta, with a rela- 
tively normal patent distal arterial bed. Here again, 
these characteristic features of the occlusive process 
make them amenable to  surgical treatment. In pa- 
tients with involvement of the celiac and superior 
mesenteric arteries, ischemic disturbances of the 
gastrointestinal tract, often referred to as abdominal 
angina, may occur. Although endarterectomy was 
used in our early experience, it was subsequently 
found that the bypass graft from the abdominal aorta 
to a major branch of the celiac or to the superior 
mesenteric artery, or to both, was preferable, since 
it was simpler to perform and provided excellent 
results [43] (Figure 6). 

Renal Arteries.  Occlusive lesions of the  renal ar- 
teries are often associated with hypertension, which 
may be difficult to control by medical measures. 
Whereas atherosclerosis is the underlying pathologic 
process in most patients, in a significant number, 
especially relatively young women, the underlying 
lesion is fibromuscular hyperplasia. Although end- 
arterectomy with patch-graft angioplasty may be 
used in some patients with highly localized disease, 
we have found the bypass graft to be preferable in 
most patients and in all those with fibromuscular 
hyperplasia [44] (Figure 7). 

highly gratifying immediate and long-term re- duced the bypass principle and as our experience 
sults. with the bypass graft increased, we reasoned that it 

could also be applied to this pattern of the disease. 
We soon found that  the bypass graft procedure was 
far simpler to perform and was equally, if not more, 
effective in restoring circulation in the lower ex- 
tremities [46,47] (Figure 9). In its application, we 
found that thromboendarterectomy of the abdominal 
aorta up to the origin of the renal arteries was 
sometimes necessary before the proximal end of the 
graft was attached. The distal ends of the graft might 
be attached to the external iliac or common femoral 
arteries, depending on the extent of the occlusive 
process. 

Another characteristic form of this category of 
occlusive disease is involvement of the superficial 
femoral arteries with partial or complete obstruction, 
often localized in the region of the adductor canal but 
sometimes extending proximally to the origin of the 
profunda femoris artery, but with a relatively normal 
patent popliteal artery. Again, in our early experi- 
ence, we attempted endarterectomy in these cases 
and even designed a loop to insert into the lumen of 
the artery after developing a cleavage plane to strip 
the occlusive lesion in the distal segment [48]. Some 
success with this method was achieved, but we soon 
learned that it was associated with a number of 
complications as well as with frequent recurrences 
(Figure 10). For these reasons, we began using the 
bypass graft principle, which soon proved to be the 
procedure of choice in most cases. In this connection, 
we found that  Dacron grafts yielded excellent im- 
mediate and long-term results in most patients. In 
patients in whom the graft must be attached to the 
popliteal artery below the knee, however, venous 
autografts are preferable. 

Combinations of these patterns, that is, involve- 
ment of the aorto-iliac segment and the superficial 
femoral artery, may also occur, but so long as the le- 
sions are segmental, the bypass graft principle can 
be applied effectively (Figure 1 I ). 

In this category of  occlusive disease there remains 
still another pattern which unfortunately is usually 
not amenable to surgical treatment. In this form of 
the disease, the occlusive process involves predomi- 
nantly the distal arterial bed, beginning often in the 
popliteal artery and extending down into its major 
branches for varying distances. Some of these pa- 
tients may be treated by lumbar sympathectomy 
(Figure 12). In occasional patients with this pattern, 
there may be a distal patent segment of one of the 
major branches of the popliteal artery, so that a long 
vein bypass can be used. This is sometimes indicated 
to save the extremity. 

Lower Abdominal Aorta 

The next pattern of occlusive disease involves the 
lower abdominal aorta and its major branches, re- 
sulting in intermittent claudication. Again, the oc- 
clusive process tends to assume several distinctive 
characteristics. One of the more common patterns is 
characterized by localization in the aorto-iliac seg- 
ment associated with incomplete or complete oc- 
clusion of one or both common iliac arteries (Figure 
8). In the latter circumstances, the abdominal aorta 
may become completely occluded by thrombosis up 
to the origin of the renal arteries. In our early expe- 
rience, patients with this pattern of the disease were 
treated by excision and homograft replacement (4.51. 
After the introduction of the concept of endarterec- 
tomy by dos Santos [Y2], we began to  apply this 
method in patients with this pattern of occlusive 
disease (Figure 8). Later, after Kunlin [33] intro- 
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Figure 8. A, drawing and abdominal aotiogram in a 53-year-old white man with intermittent claudication of lower limbs, showing severe, localized aotio-iliac 
occlusive disease and complete occlusion of left superficial femoral artery with occlusion of left femoropopliteal bypass graft performed else where. 
6, drawing showing method of aorto-iliac endarterectomy with Dacron bypass graft to left popliteal artery. Patient has remained well for 22 years after 
operation, with only recent development of mild intermittent claudication of artery in right leg not requiring operation; postoperative aortogram shows 
normally patent aorto-iliac segment and well-functioning graft, with only mild recurrence of occlusive disease in right superficial femoral artery since 
operation. 
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Figure 9. A, drawing and preoperative aortogram in a 48-year-old white man with intermittent claudication of lower extremities showing 
well-localized atherosclerotic aorto-iliac disease. 6, drawing showing method of Dacron bifurcation bypass graft from abdominal aorfa 
to both external iliac arteries. Patient has remained asymptomatic for about 17 years after operation; postoperative aortogram shows 
restoration of normal circulation through graft with no recurrence of atherosclerotic occlusive disease since operation. 
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Figure 10. A, drawing and preoperative right femoral arteriogram in a 47-year-old white man with intermittent claudication of right lower extremity, showing 
well-localized atherosclerotic occlusive disease involving right superficial femoral artery. B, drawing showing method of endarterectomy and patch-graf! 
angioplasty; arteriogram made 4 years after operation shows recurrent stenosis of right superficial femoral artery just proximal to previous endarterectomy. 
Patient had only mild symptoms at this time and operation was not required. C, drawing and right femoral arteriogram in same patient 3 years later with 
severe intermittent claudication showing complete occlusion of proximal segment of right superficial femoral artery. 0, drawing showing method of surgical 
treatment consisting in right Dacron femoropopliteal bypass graft. Patient has remained asymptomatic for 10 years after this operation; postoperative 
arteriogram shows normal restoration of circulation through bypass graft with no evidence of recurrence of disease. 
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Coronary Arteries 

The remaining category of arterial occlusive dis- 
ease, and perhaps the most important because of its 
disabling and fatal consequences, affects the coro- 
nary arteries. As in the other categories, the occlusive 
processes in these arteries tend to  assume distinctive 
patterns. In most forms of the disease the occlusive 
process tends to be well localized with a relatively 
normal patent distal arterial bed, and is therefore 
amenable to surgical treatment (Figures 13, 14). In 
other patterns, however, in which the disease is more 
extensive and diffuse throughout the arterial bed or 
involves predominantly the distal arterial bed, sur- 
gical treatment is not usually feasible. Here again, in 

our early experience, we performed endarterectomy 
with patch-graft angioplasty in patients with proxi- 
mally situated, well-localized lesions. A t  the same 
time, however, in our experimental laboratory we, 
along with others, were studying the procedure of 
aorto-coronary bypass [49-53]. Like others [54-591 
we [53] experienced sufficient clinical success with 
endarterectomy and patch-graft angioplasty to  en- 
courage their continuous cautious application. In- 
deed, a few of the patients so treated are still alive 
and leading normal lives more than fifteen years after 
operation (Figure 13). 

Our initial experience with clinical application of 
the bypass procedure, and the first successful case in 

Figure 11. A, drawing and preoperative aortogram in a 55-year-old white man with intermittent claudication Of lower limbs 
showing well-localized aorto-iliac occlusive disease and complete occlusion of both superficial femoral arteries. B, drawing 
showing method of surgical freatment consisting in Dacron bypass graft from abdominal aorta to both common femoral 
arteries and both popliteal arteries. Patient has remained asymptomatic for about 15 years since operation with no evidence 
Of recurrent disease as demonstrated by postoperative aortogram showing functioning grafts. 
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which this procedure was used for coronary artery 
disease, occurred in 1964 [60]. The patient was a 
42-year-old white man suffering with severe angina 
pectoris uncontrolled by medical therapy. Coronary 
arteriography showed diffuse narrowing of the right 
coronary artery and severe stenosis of the left main 
coronary artery. Operation was performed on No- 
vember 23, 1964. It was our objective to perform 
endarterectomy, but after exposing the left main 
coronary artery and the proximal segments of the 
anterior descending and circumflex arteries, we 
found that the disease involved the entire bifurca- 

Figure 12. A, drawing and abdominal aorto- 
gram in a 66-year-old white man with inter- 
mittent claudication of lower limbs showing 
severe atherosclerotic occlusive disease of 
both popliteal arteries and their major 
branches. Patient obtained some improvement 
after bilateral lumbar sympathectomy. 

tion. We decided that  endarterectomy was not fea- 
sible and would be too hazardous. Recalling our ex- 
perience using aorto-coronary bypass in animals, we 
decided to perform this procedure instead. Accord- 
ingly, a segment of the saphenous vein was removed 
and prepared for this purpose, and the patient was 
connected to  the heart-lung machine. The reversed 
vein graft was then attached by end-to-side anasto- 
mosis to the left anterior descending coronary artery 
and the ascending aorta. The patient tolerated the 
operation well, and his postoperative course was 
uneventful. He became asymptomatic and resumed 

I 

A 

I 
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work. A coronary arteriogram made seven years after 
operation showed the bypass graft to  be functioning 
well. The successful outcome in this case, as in other 
first successful cases, provided great encouragement 
to continue to  use this technic, and the subsequent 
gratifying experience has fully justified this en- 
couragement (Figure 14). 

Aneurysmal Disease 

I should now like to turn to  a consideration of an- 
eurysmal disease. Here again, certain conceptual 
developments have evolved that have great under- 
lying significance in the treatment of these lesions. 
First among these is the fact that  once an aneurysm 
has formed through weakening or destruction of the 
media, regardless of etiology, it tends to progress and 
ultimately to produce serious and even lethal com- 
plications from compression of surrounding struc- 
tures or from rupture. For this reason, complete re- 
moval or obliteration of the aneurysm is an essential 

A 

/ r  x 
B 

\ 

\ 

therapeutic objective, and herein lies an important 
conceptual difference in the treatment of an aneu- 
rysm as opposed to  that of occlusive disease. In an- 
eurysms, the primary objective is removal of the le- 
sion, since its very presence constitutes a threat to  
life. In occlusive disease, however, restoration of 
circulation is the primary objective which, once 
achieved, does not necessarily require removal of the 
lesion. Restoration of circulation is also desirable, and 
in most cases, necessary after removal of an aneu- 
rysm. 

The tendency for aneurysmal disease, like occlu- 
sive disease, to assume distinctive patterns with re- 
gard to location, extent, and segmental characteris- 
tics, with relatively normal arterial segments above 
and below the pathologic process, is another impor- 
tant conceptual development. Thus, regardless of 
etiology, extent, or location of the aneurysm, if the 
proximal and distal vascular segments are relatively 
normal, the aneurysm is amenable to surgical treat- 
ment. In general, three methods of' surgical treatment 

Figure 13. A, drawing and pre- 
operative coronary arteriogram 
in a 50-year-old white man, 
with severe, disabling angina 
not controlled by medical 
therapy, showing complete 
occlusion of non-dominant right 
coronary artery and well-lo- 
calized, almost complete oc- 
clusion of origin of circumflex 
coronary artery. 6, drawing 
showing method of endarter- 
ectomy and autogenous-vein 
patch-graft angioplasty of cir- 
cumflex coronary artery. Pa- 
tient has remained asymp- 
tomatic and working for the 
past 16 years since operation; 
arteriogram shows restoration 
of normal circulation with no 
recurrence of disease since 
operation. 
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may be used: (1) excision with graft replacement; (2) 
obliteration by endoaneurysmorrhaphy, and resto- 
ration of circulation with a bypass graft; and (3) 
excision with patch-graft angioplasty for some sac- 
ciform aneurysms. 

Abdominal Aorta 
Among the various patterns of aneurysmal disease, 

perhaps the most common is the one involving the 
abdominal aorta, which characteristically arises just 
below the origin of the renal arteries and usually 
extends down to the bifurcation and often beyond to 
include the common iliac arteries. At the time that  
we [ 61,621 performed our first successful resection 
and homograft replacement of such an aneurysm, we 
were not aware that Dubost [28] had performed this 
same operation. Excision with Dacron graft re- 
placement has now become standard therapy. In 
some aneurysms associated with occlusive disease of 
the renal or iliac arteries, bypass graft may be used 
a t  the same time to  restore normal circulation to 
these vessels. Temporary arrest of circulation a t  this 
level, that is, below the renal arteries, is rarely asso- 

Figure 14. A, drawing andpre- 
operative coronary arteriogram 
in a 54-year-old white man with 
severe, disabling angina, 
showing well-localized ath- 
erosclerotic occlusive lesion in 
proximal segments of right and 
left anterior descending coro- 
nary arteries. B, drawing 
showing method of surgical 
treatment with autogenous 
saphenous vein bypass graft 
from ascending aorta to right 
and left anterior descending 
coronary arteries. Patient has 
remained asymptomatic for 
about 9 years after operation; 
postoperative coronary arteri- 
ogram shows graft functioning 
well. 

ciated with ischemic disturbances. Technically, it has 
been found more expeditious to enter the aneurysm 
after application of proximal and distal occluding 
clamps, oversew the openings of the lumbar arteries 
in the posterior wall, and remove the thrombus and 
intimal lining of the aneurysmal wall rather than to 
attempt to excise the aneurysm entirely. 

Another important technical consideration is the 
need to encase the graft completely with normal 
surrounding tissue. The surgical risk in this type of 
unruptured aneurysm is now extremely low, and the 
long-term results are excellent. Ruptured aneurysms 
require emergency operation, the first and primary 
objective being to arrest circulation in the aorta above 
the aneurysm at  whatever level can be done most 
rapidly. The risk of operation in these cases remains 
high, about 35 per cent in our experience. 

Descending Thoracic Aorta 

The next most common pattern of aortic aneurysm 
involves the descending thoracic aorta, which char- 
acteristically extends from just below the origin of the 
left subclavian artery down to a varying distance 
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above the diaphragm. Our initial experience [63,64] 
with this type of aneurysm, and the first successful 
application of resection and graft replacement for a 
fusiform aneurysm of the descending thoracic aorta, 
was in a 46-year-old white man who was admitted to 
The Methodist Hospital on December 31, 1952, 
complaining of progressively severe lower back, left 
lower abdominal, and inguinal pain of several 
months’ duration. Plain roentgenograms showed a 
large mass behind the heart just above the diaphragm 
and extensive erosion of the bodies of the ninth 
through the twelfth thoracic vertebrae and the first 
lumbar vertebra. Aortography disclosed a large fus- 
iform aneurysm of the lower descending thoracic 
aorta (Figure 15). After explaining the problem to the 
patient and recommending operation, I indicated 
that although we had successfully performed the 
operation for aneurysm of the lower abdominal aorta, 
we had not previously had any surgical experience 
with aneurysms in the descending thoracic aorta nor 
were we aware of any such experience elsewhere. I 

A 

also indicated that the risks might be considerable, 
but there was no other form of effective therapy for 
his condition. The  patient agreed to accept our rec- 
ommendation, stating that he was willing to  accept 
whatever risks were involved if there was a chance to 
he relieved of the severe, unremitting pain and to 
resume a normal life. Accordingly, on January 5, 
1953, through a thoraco-abdominal approach the 
large aneurysm was excised between occluding 
clamps and replaced with an aortic homograft. The 
postoperative course was uneventful, and the patient 
resumed his duties as a county sheriff about one 
month later. He continued to work and remained in 
good condition until August 1962, when he began 
coughing up blood-stained sputum and returned to 
the hospital, where the diagnosis of carcinoma of the 
left lung was made, and on September 11, 1962, I 
performed left pneumonectomy. An aortogram made 
on this hospital admission showed the aortic homo- 
graft functioning well (Figure 15). The patient’s 
postoperative course was satisfactory, and he again 

/ 

Figure 75. A, drawing and aortogram in a 46-year-old white man with severe lower back and left lower abdominal pain, 
showing large aneurysm of descending thoracic aorta. 6, drawing showing method of resection of aneurysm and replacement 
with homograft; aortogram made 9 years after operation shows graft functioning well. 
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resumed normal activities until early 1967, when he 
began to manifest evidence of metastatic carcinoma, 
and he died suddenly on May 1,1967. 

The gratifying result obtained in this first suc- 
cessful case of resection of an aneurysm of the de- 
scending thoracic aorta was of considerable signifi- 
cance, first, in establishing the procedure as a new 
therapeutic method and second, in providing the 
assurance and encouragement to extend its appli- 
cation to other cases. Indeed, as further experience 
will show, it inaugurated a series of technical surgical 
developments that ultimately led to the complete 
surgical conquest of all aneurysms of the aorta. 

An important consideration in the surgical treat- 
ment of aneurysm of the descending thoracic aorta 
is the potential complication of spinal cord ischemia, 
with resultant paresis or paralysis of the lower limbs, 
which may occur during the period of temporary 
arrest of circulation. In our early experience we used 

hypothermia and external shunts for this purpose. 
Later, we used left atrial-to-femoral-artery bypass, 
and still later, femoral-vein to femoral-artery bypass 
with oxygenator [6.5]. None of these methods proved 
effective in preventing this complication, since the 
incidence remained about the same with all of them, 
ranging between 2 and 3 per cent. Accordingly, in 
1970 we abandoned all these methods and have ob- 
served no increase in the occurrence of this compli- 
cation, but gratifyingly, a continued decrease in op- 
erative mortality rate to about 8 per cent. Long-term 
results have been highly gratifying, with some pa- 
tients surviving more than twenty years after oper- 
ation. 

Ascending Aorta 

The next most common pattern of aneurysm of the 
aorta is characterized by involvement of the as- 
cending aorta. Morphologically, these aneurysms 

A 

/- 
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Figure 16. A, drawing and aorfogram 
in a 50-year-old whife man with in- 
creasing chest pain showing large an- 
eurysm of ascending aorta. B, drawing 
showing mefhod of resection of aneu- 
rysm and replacemenf wifh homograft; 
posfoperafive aortogram shows graft 
functioning well. 
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Figure 17. A, drawing and aortogram 
in a 44-year-old white woman com- 
plaining of chest pain showing large 
aneurysm of aortic arch. Drawing 
shows method of attaching bypass 
graft to maintain circulation during 
arrest of circulation through aortic 
arch. 6, drawing shows graft re- 
placement of aortic arch and proxi- 
mal segments of innominate and left 
common carotid arteries. Drawing 
and aortogram made 12 years after 
operation show false aneurysm at site 
of repair after removal of temporary 
bypass graft to descending thoracic 
aorta. C, drawing shows method of 
repair of false aneurysm by resection 
and Dacron patch-graft angioplasty; 
postoperative aortogram shows intact 
and patent graft and patch-graft an- 
gioplasty. 
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may be sacciform or fusiform, and they may also be 
associated with aortic valvular disease. In occasional 
cases of sacciform aneurysm, tangential excision of 
the aneurysm with lateral aortorrhaphy or with 
patch-graft angioplasty may be employed [34,66]. In 
fusiform aneurysms and in more extensive sacciform 
aneurysms, however, this method of treatment can- 
not be used, and segmental resection with graft re- 
placement is necessary. Obviously, under these cir- 
cumstances, it becomes necessary to  use temporary 
cardiopulmonary bypass. 

Our first experience with this aneurysmal pattern 
and the first successful case of resection with graft 
replacement occurred in 1956 [67,68]. The patient, 
a 50-year-old white man, was admitted to the Jef- 
ferson Davis Hospital on August 18, 1956, com- 
plaining of increasing chest pain of several years' 
duration. Aortography confirmed the diagnosis of a 
large aneurysm limited to the ascending aorta (Figure 
16). The patient was informed of the problem and the 

recommended surgical treatment of resection with 
graft replacement. He was also told that although we 
had successfully performed this operation on other 
segments of the aorta, we had had no experience with 
this method for the type of aneurysm that he had and 
were not aware of any other experience elsewhere. We 
also indicated that the risks were considerable, but 
that we considered the operation feasible. He ac- 
cepted our recommendation, and on August 24,1956, 
operation was performed (Figure 16). The aneurysm 
was extensive, originating just above the coronary 
ostia within the pericardium and involving the entire 
ascending aorta to  the origin of the innominate ar- 
tery. The patient was attached to the heart-lung 
machine. Because the extent of the aneurysm re- 
quired the distal occluding clamp to be applied a t  
about the origin of the innominate artery, with re- 
sultant occlusion of this vessel, a small catheter was 
inserted into the right common carotid artery for 
cerebral perfusion from the heart-lung machine 

Left Com mon 
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Figure 18. Drawing shows method of perfusion during cardiopulmonary bypass for resection and graft replacement of 
cending aorta and aortic arch. 

as- 
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during occlusion of the innominate and right com- 
mon carotid arteries. The aneurysm was then re- 
sected and replaced with an aortic homograft. The 
postoperative course was uneventful, and the patient 
was discharged from the hospital about three weeks 
later. He remained well and maintained normal ac- 
tivities until his death from cancer of the lung, ap- 
proximately 14 years after operation. 

The significance of this first successful treatment 
of' an aneurysm in this region lies in the fact that  it 
provided further support to  the growing conviction 
that this method of therapy was the most effective 
means of treating these patients and only required 
the proper application of the technical resources that 

had now become available. The success of temporary 
perfusion of the carotid artery suggested that  this 
method could be extended to permit resection of the 
entire aortic arch. 

Entire Aortic Arch 

Next in frequency of occurrence of aneurysmal 
patterns are those involving the entire aortic arch. 
The major problem involving resection of aneurysms 
a t  this site is concerned with the rapidly fatal con- 
sequences of arrest of circulation through this vital 
segment of the aorta on the heart and central nervous 
system. Our early efforts to solve this problem were 
directed toward use of hypothermia and temporary 

A 

Figure 19. A, drawing and aortogram 
in a 58-year-old white man com- 
plaining of productive cough and pain 
in chest and right shoulder showing 
large aneurysm of ascending aorta 
and aortic arch. 6, drawing shows 
method of resection of aneurysm and 
Dacron graff replacernenf, using 
method of perfusion shown in Figure 
18; aortogram made 12 years after 
operation shows graft functioning 
well, Patient remains asymptom- 
atic. 
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Figure 20. A, drawing and aortogram in a 65-year-old white man with subcostal pain and a pulsatile mass in upper part of 
abdomen, showing large fusiform aneursym arising in descending thoracic aorta and extending through diaphragm to involve 
most of abdominal aorta. B, drawing shows method of attaching Dacron bypass graft end-to-side to descending thoracic 
aorta above aneurysm and end-to-end to abdominal aorta below aneurysm, and then sequentially attaching Dacron graft 
to this bypass graft and to the renal arteries, superior mesenteric artery, and celiac axis after which aneurysm is removed 
and opening in descending thoracic aorta above the aneurysm and below the attachment of the bypass graft is closed by 
suture. Patient has remained well for 12 years since operation; aortogram shows the graft functioning well. 

Figure 21. Drawing shows 
classification of dissecting an- 
eurysms of the aorta into three 
basic types depending on site 
of origin of dissecting process 
and extent of dissection. 
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shunts to provide circulation during temporary arrest 
of circulation through the aortic arch [67,69]. At first, 
homografts and later Dacron grafts were used for this 
purpose with attachments of the temporary grafts to 
the proximal segment of the ascending aorta, to  the 
descending thoracic aorta just distal to the left sub- 
clavian artery, and to both common carotid arteries. 
Clamps were then applied to  arrest circulation in the 
aortic arch, circulation being maintained to the brain 
and the rest of the body through the temporary at- 
tached grafts. After the aortic arch was excised and 
replaced with a homograft, the temporary bypass 
grafts were removed. Although none of the first few 
patients in whom this procedure was used had long- 

B 

term survival, the technical feasibility of the proce- 
dure was suggested by the extremely satisfactory 
immediate postoperative course of one patient who, 
on the ninth postoperative day, was ambulatory and 
taking a regular diet, but unfortunately, died two 
days later of a mediastinal infection. The satisfactory 
immediate postoperative course encouraged us to 
continue performing the procedure, and fortunately 
we achieved complete success in a subsequent case 
(Figure 17). 

This operation, however, has certain disadvan- 
tages. For one thing, the necessity of performing and 
later removing four end-to-side anastomoses of the 
temporary shunt greatly prolongs the operative 

Figure 22. A, drawing and aor- 
togram in a 42-year-old white 
man showing Type I1 dissecting 
aneurysm with aortic insuffi- 
ciency. B, drawing shows 
method of resection of aneu- 
rysm of ascending aorta, re- 
placement with Dacron graft, 
and aortic valve replacement. 
Patient has remained asymp- 
tomatic for 14 years since op- 
eration; postoperative aorto- 
gram shows well-functioning 
graft and replaced valve. 
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procedure and thus increases the risks of the opera- 
tion. For another, in some patients in whom the an- 
eurysm extends proximally to involve the entire as- 
cending aorta, it is not possible to attach the proximal 
end of the shunt. Accordingly, after our successful 
experience with the case just described in which the 
entire ascending aorta was resected with temporary 
perfusion of the right common carotid artery, it 
seemed reasonable to extend this method for aneu- 
rysms ofthe entire aortic arch. After demonstrating 
its technical feasibility in the experimental labora- 
tory, we [68] had occasion to apply it clinically for the 
first time in 1957. The patient, a 56-year-old white 
man, was admitted to  The Methodist Hospital on 
March 12, 1957, complaining of pain in the left side 
of the chest. Aortography confirmed the diagnosis of 
a fusiform aneurysm of the entire ascending aorta 
and transverse arch. Exposure was obtained through 

Figure 23. A, drawing and aor- 
togram in a 60-year-old white 
man showing Type Ill dissect- 
ing aneurysm involving proxi- 
mal portion of descending tho- 
racic aorta. B, drawing shows 
method of resection and Da- 
cron graft replacement. Patient 
has remained asymptomatic 
for 18 years since operation; 
postoperative aotiogram shows 
graft functioning well. 

a median sternotomy incision, and cardiopulmonary 
bypass was instituted. Through a small arteriotomy, 
catheters were inserted into the innominate and left 
common carotid arteries and connected to  the 
heart-lung machine for temporary perfusion of these 
vessels. After occluding clamps were applied to iso- 
late the ascending aorta and transverse arch, the 
aneurysm was excised and replaced with an aortic 
homograft that included the innominate and left 
common carotid artery branches. The immediate 
postoperative course was highly satisfactory, and the 
patient was discharged from the hospital on the six- 
teenth postoperative day. He resumed normal ac- 
tivities, and long-term follow-up continued to be 
satisfactory. 

Subsequent experience with this procedure sug- 
gested several additional technical modifications 
(Figure 18). These include the use of coronary artery 
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perfusion and insertion of arterial perfusion catheters 
into both axillary arteries to provide perfusion of the 
vertebral arteries, since perfusion of the carotid ar- 
teries alone may not be adequate to prevent cerebral 
ischemia in some patients whose collateral circulation 
through the circle of Willis is not sufficient for this 
purpose. Our recent experience with this method has 
heen most satisfactory and, of course, Dacron grafts 

have completely replaced the homografts used earlier 
(Figure 19). 

Thoraco-abdominal 

The next pattern of aneurysm is that  referred to 
as thoraco-abdominal aneurysm, which arises usually 
in the lower descending thoracic aorta and extends 
down to involve the upper abdominal and sometimes 

Figure 24. A, drawing and aortogram in a 45-year-old white man with intermittent claudication of lower extremities showing 
severe well-localized atherosclerotic occlusive disease of aorto-iliac segment. B, drawing shows method of attaching bypass 
graft from abdominal aorta to both common femoral arteries using Dacron bifurcation graft. Aortogram made 16 years after 
this operation shows graft functioning well with no recurrence of disease in this arterial bed, but patient is now complaining 
of severe angina. C, drawing and coronary arteriograms on this admission show severe, well-localized occlusive disease 
in right coronary artery and complete occlusion of left anterior descending coronary artery. 0, drawing shows method of 
surgical treatment consisting of autogenous vein bypass graft from ascending aorta to right coronary artery. Patient has 
remained asymptomatic for 5 years since this operation and 21 years since first Operation. 
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the entire abdominal aorta. The  critical problem in 
this type of aneurysm lies in the danger of producing 
fatal ischemic damage to such vital structures as the 
liver, kidneys, and gastrointestinal tract, as a con- 
sequence of temporary arrest of circulation to  these 
organs during the period required for resection and 
graft replacement. In our initial experience with this 

type of aneurysm, in August 1955, hypothermia was 
used in the attempt to prevent the potential ischemic 
damage to the abdominal visceral organs. This at- 
tempt, unfortunately, did not prove successful, and 
the patient died from these ischemic complications. 
In light of our previous experience with other types 
of aneurysm with temporary bypass grafts to provide 

B 

Figure 25. A, drawing and carotid arteriograms in a 54-year-old white man with manifestations of transient episodes of 
cerebrovascular insufficiency showing severe well-localized atherosclerotic occlusive disease at bifurcation of common 
carotid arteries and origin of internal carotid arteries bilaterally. Patient was successfully treated by endarterectomy and 
patch-graft angioplasty on both sides. B, drawing and aortogram in same patient during same admission to hospital showing 
aneurysm of abdominal aorta with occlusive disease of common iliac arteries, treated by resection and Dacron bifurcation 
graft replacement. C, drawing and coronary arteriograms in same patient 7 years later, after recent onset of severe angina, 
showing occlusive disease of right coronary and left anterior descending coronary arteries treated by autogenous vein bypass 
grafts to both of these coronary arteries. Patient remains asymptomatic 73 years after first operation on carotid arteries 
and aneurysm of abdominal aorta and 9 years after operation on coronary arteries. 
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Figure 26. A, drawing and arteriogram of aortic arch in a 5 7-year-old white man with manifestations of cerebrovascular insufficiency, hypertension, 
and intermittent claudication, showing complete occlusion of right common carotid artery and left subclavian artery. 6, drawing showing method of 
surgical treatment consisting of Dacron bypass graft from ascending aorta to right common carotid artery and left subclavian artery. C, drawing and 
abdominal aortogram in same patient on readmission to hospital 3 months later, showing severe stenosis of left renal artery, occluded bypass graft 
to left renal artery previously performed elsewhere, and severe occlusive disease of aorto-iliac segment. D, drawing showing method of surgical treatment 
consisting of Dacron bypass graft from abdominal aorta to both common femoral arteries and to left renal artery. E, drawing and coronary arferiograms 
in same patient with recent onset of severe angina following admission to hospital 3 years later, showing complete occlusion of right and left anterior 
descending coronary arteries. F, drawing showing method of surgical treatment consisting of autogenous vein bypass to right coronary and left anterior 
descending coronary artery. Patient remains asymptomatic 6 years after first two operations and 3 years after third operation. 
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circulation during arrest of circulation in the aorta 
in patients with other types of aneurysm, we decided 
to use this principle in the next patient on whom 
operation was performed on October 19, 1955, a 
65-year-old white man [70]. By this means, it was 
possible to minimize the ischemic period to the vital 
organs during resection and graft replacement with 
anastomosis of' branches of the graft to the celiac, 
superior mesenteric, and both renal arteries, and 
after completion of the procedure the temporary 

bypass graft was removed. The highly gratifying 
immediate and long-term results in this patient 
provided us with the conviction that this was the 
preferable method of surgical treatment for this type 
of aneurysm. Subsequent experience led to a modi- 
fication of the procedure that proved to be of great 
advantage. This modification consisted in combining 
the bypass principle with a permanent replacement 
[71] (Figure 20). Thus, by attaching a Dacron graft 
to  the descending thoracic aorta just above the an- 

Figure 27. A, drawing and carotid arteriograms in a 50-year-old white man with manifestations of transient cerebrovascular 
insufficiency and intermittent claudication of lower limbs showing severe, well-localized occlusive disease at bifurcation 
of left common carotid artery and origin of internal carotid artery which was treated by endarterectomy and patch-graft 
angioplasty. 6, drawing and abdominal aortogram in same patient on readmission to hospital 4 months later showing severe 
occlusive disease of aorto-iliac segment treated by Dacron bypass graft from abdominal aorta to both common femoral 
arteries. C, drawing and coronary arteriograms in same patient with recent onset of progressively severe angina, on read- 
mission to hospital five years later, showing severe occlusive disease in right and left anterior descending coronary arteries 
as well as in circumflex branch. Treatment consisted in autogenous vein bypass to right and left anterior descending coronary 
arteries. The circumflex coronary artery was found not suitable for bypass. 0, drawing and carotid arteriograms in same 
patient 7 years later showing severe stenosis of right carotid artery which was treated by endarterectomy and patch-graft 
angioplasty. Patient has remained asymptomatic for almost 15 years since original operation. 
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Figure 28. A, drawing and thoracic aortogram and coronary arteriogram in a 57-year-old white man with severe angina 
showing occlusive disease of left coronary and anterior descending branch and fusiform aneurysm of descending thoracic 
aorta. B, drawing showing method of surgical treatment consisting in autogenous vein bypass graft to left anterior descending 
coronary artery and, in a second-stage operation 2% weeks later, resection and Dacron graft replacement of aneurysm 
of descending thoracic aorta. Patient has remained asymptomatic for 7 years since operation. 
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Figure 29. A, drawing and arteriograms of carotid and coronary arteries and abdominal aorta in a 5 1-year-old white man 
with manifestations of cerebrovascular insufficiency, angina, and tender pulsatile mass in abdomen showing complete 
occlusion of right internal carotid artery, severe stenosis at bifurcation of left common carotid and origin of internal carotid 
arteries, occlusive disease of right coronary and left anterior descending arteries, and aneurysm of abdominal aorta. B, 
drawing showing method of surgical treatment consisting in endarterectomy and patch-graft angioplasty of left carotid 
artery lesion, autogenous vein bypass to right coronary and left anterior descending coronary arteries, and resection and 
Dacron graft replacement of aneurysm of abdominal aorta. Patient remains asymptomatic 8 years after operation. 
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eurysm and to the abdominal aorta below the aneu- 
rysm, we could maintain the circulation in each major 
visceral branch while sequentially attaching Dacron 
grafts from the major bypass graft to one renal artery 
and then the other, followed by attachment of similar 
grafts to the superior mesenteric and celiac axis, and 
then resection of the aneurysm and suturing of the 
ends of the aorta. The period of ischemic arrest in 
each of these arteries can thus be minimized to about 
10 or 12 minutes, a period which is well tolerated. 

Dissecting Aortic Aneurysms 

Dissecting aneurysm of the aorta was one of the 
most challenging problems we have encountered for 
a number of reasons. For one thing, it had long been 
recognized as a highly fatal disease, most patients 
dying within a few days to  a few months after onset 
of the disease. For another, unlike sacciform and 
fusiform aneurysms, which tend to be localized, 

A 

dissecting aneurysms may extend throughout the 
aorta, often arising in the upper reaches of the aorta. 
Our initial experience with this problem and the first 
successful case of dissecting aneurysm treated by 
resection occurred in a 58-year-old white man who 
had what we subsequently described as Type I11 [72]. 
At operation on July 7, 1954, the aneurysm in the 
descending thoracic aorta was U-shaped, and after 
occluding clamps had been applied above and below 
the U-shaped segment, it was resected; the lumen 
above and a double lumen in the distal end were 
normal. I t  was then reasoned that by suturing the 
edges of the aortic wall forming the false lumen, it 
would be possible to obliterate the opening of the 
false lumen and thus restore circulation into the 
normal lumen. After this procedure was completed, 
the upper end of the normal aorta was attached by 
end-to-end anastomosis to the normal lumen of the 
distal end. The highly gratifying immediate and 
subsequent course of the patient provided great en- 

B 

Figure 30. A, drawing and right carotid arteriogram in a 59-year-old white man with mild manifestations of cerebrovascular 
insufficiency showing mild occlusive disease at bifurcation of right carotid artery. B, drawing and right carotid arteriogram 
in same patient 3 years later, with moderate to severe manifestations of cerebrovascular insufficiency, showing severe 
occlusive disease at bifurcation of right common carotid artery and origin of internal carotid artery treated by endarterectomy 
and patch-graft angioplasty; patient has remained asymptomatic for past 6 years since operation. 
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couragement to pursue this method of treatment, and 
in the next few cases, grafts were used to replace the 
defect after excision of the aneurysm and suture- 
closure of the distal false lumen. 

With increasing experience and analysis of the 
anatomicopathologic features of the disease, we were 
able to classify the disease into three types [73] 
(Figure 21). In Type I, the dissecting process begins 
in the ascending aorta and extends for varying dis- 
tances throughout the aorta. Surgical treatment in 
this type, which is indicated in the presence of pro- 
gression with imminent rupture, consists essentially 
in primary repair with obliteration of the false lumen 
or with graft replacement. In Type 11, the dissecting 

A 

process is limited to the ascending aorta, and surgical 
treatment consists in resection with graft replace- 
ment. Aortic valvular replacement may also be re- 
quired, since aortic insufficiency is often associated 
with this type (Figure 22). In Type 111, the dissecting 
process arises in the descending thoracic aorta, usu- 
ally just distal to the origin of the left subclavian ar- 
tery and extends down for varying distances in the 
descending thoracic and abdominal aorta. Fortu- 
nately, in most cases, the false lumen near the dia- 
phragm is small. Surgical treatment consists essen- 
tially in resection with graft replacement, as previ- 
ously described (Figure 23). Results of operation have 
proved highly gratifying, with good long-term results, 

B 3 

Figure 3 1. A, drawing and aortogram in a 68-year-old white man with intermittent claudication of left lower extremity showing 
localized complete occlusion in left superficial femoral artery treated by Dacron femoropopliteal bypass graft. Note mild, 
short, stenotic lesion in right superficial femoral artery. B, drawing and aortogram in same patient admitted to hospital one 
year later with recent onset of intermittent claudication of right lower extremity now showing good function of left femoro- 
popliteal bypass graft but complete occlusion of proximal t wo-thirds of right superficial femoral artery. Patient was treated 
by right Dacron femoropoplifeal bypass graft with complete relief of symptoms. 
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Figure 32. A, drawing and cor- 
onary arteriograms in a 51- 
year-old white woman with 
some thoracic discomfort 
suggesting angina showing 
relatively normal coronary ar- 
teries. 6, drawing and coronary 
arteriograms in same patient 
readmitted to hospital 3 years 
later with severe angina 
showing severe, well-localized 
occlusive disease in midportion 
of right coronary artery. C, 
drawing showing method of 
surgical treatment consisting in 
autogenous vein bypass graft to 
right coronary artery. Patient 
has remained asymptomatic 
for 2 years since operation. 

730 The American Journal of Surgery 



. 
Great Ideas in Surgery: Vascular Surgery 

Figure 33. A, drawing and carotid arte- 
riograms in a 56-year-old white man with 
intermittent claudication of lower ex- 
tremities and murmur over left carotid 
artery showing mild atherosclerotic 
disease without stenosis in carotid ar- 
teries. Patienf had severe aorto-iliac 
occlusive disease and was treated by 
means of a bypass graft from the ab- 
dominal aorta to both external iliac ar- 
teries with complete relief of symptoms. 
6, drawing and carotid arteriograms in 
same patient, with recent onset of 
manifestations of cerebrovascular in- 
sufficiency on readmission to hospital 6 
years later, showing severe occlusive 
disease of left internal carotid artery 
which was treated by endarterectomy 
and patch-graft angioplasty. Patient has 
remained well for 6 years since this op- 
eration. 
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Figure 34. A, drawing and abdominal aortogram in a 6 1-year-old white man with severe intermittent claudication of left lower extremity showing well-localized 
occlusive disease in distal portion of right superficial femoral artery and in right popliteal artery treated by autogenous-vein bypass graft. Patient had 
no significant disease in left superficial femoral artery at this time and had pedal pulses on this side. B, drawing and aortogram in same patient with recent 
onset of intermittent claudication in left lower limb on readmission to hospital 8 years later, now showing well-localized complete occlusive disease in 
left superficial femoral artery. Note that bypass graft on right side is functioning well. C, drawing shows method of surgical treatment consisting in left 
Dacron femoropopliteal bypass graft. Patient has remained relatively asymptomatic for 5 years since last operation. 



Figure 35. A, drawing and coronary arteriograms in a 50-year-old white man with history of some ST-T wave changes and 
QTprolongation after an emergency cholecystectomy, with positive stress test showing no stenotic lesions and only some 
mild plaque formation. B, drawing and coronary arteriograms in same patient 7 years later with progressively severe angina 
during past year, now showing severe stenotic occlusive disease in distal portion of right coronary artery, complete occlusion 
of proximal segment of left anterior descending artery, and severe, localized stenotic lesion in proximal segment of circumflex 
coronary artery. C, drawing shows method of surgical treatment consisting in autogenous-vein bypass graft to posterior 
descending branch of right, left anterior descending, and circumflex coronary arteries. P atient has remained asymptomatic 
for 2 years since operation. 
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Figure 36. A, drawing and carotid arte- 
riograms in a 54-year-old white man with 
manifestations of cerebrovascular in- 
sufficiency, showing severe well-local- 
ized atherosclerotic occlusive disease 
at bifurcation of both common carotid 
arteries treated by endarterectomy and 
patch-graft angioplasty. 6, drawing and 
carotid arteriograms in same patient 
made 7 7 years affer operation shows no 
evidence of recurrent disease. Patient 
was asymptomatic at this time. C, 
drawing and carotid arteriogram in same 
patient 6 years later, and 77 years after 
first operation, with recent onset of 
transient ischemic episodes of cere- 
brovascular insufficiency, now showing 
significant well-localized atherosclerotic 
occlusive disease in right common ca- 
rotid artery just below previous endar- 
terectomy. This was treated by endart- 
erectomy and patch-graft angioplasty. 
Patient has remained asymptomatic for 
2 years since this operation. 
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Figure 37. A, drawing and abdominal aortogram in a 57-year-old white man with intermittent claudication of lower limbs, 
showing well-localized complete occlusive disease involving aorto-iliac segment, treated by Dacron bypass graft from 
abdominal aorta to both external iliac arteries. Note there is no evidence of atherosclerotic occlusive disease in superficial 
femoral or popliteal arteries. 6, drawing and aortogram in same patient 13 years later. Intermittent claudication had developed 
during past year. Aortogram shows complete occlusive disease involving proximal portions of both superficial femoral arteries. 
Treatment consisted of Dacron femoropopliteal bypass grafts bilaterally. Patient has remained asymptomatic for 2 years 
since this operation. 
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Finally, certain combined patterns of disease in- 
volving both aneurysms and occlusive lesions in the 
various categories of arterial beds described may 
occur in the same patient simultaneously, or they 
may develop sequentially (Figures 24-29). Some 
patients, for example, may have occlusive lesions in 
the coronary and carotid arteries and an aneurysm 
of the abdominal or thoracic aorta. Other patients 
may have occlusive disease of the major branches of 
the aortic arch and the terminal abdominal aorta and 
its major branches. A number of variations in these 
combined patterns of aneurysmal and occlusive 
disease have been observed; this emphasizes the need 
for careful clinical assessment of the patient whose 
complaint may be related to one arterial bed but who 
may have significant lesions in other arterial beds. 
Obviously, if clinical manifestations suggest this 
possibility, appropriate arteriographic studies are 
indicated to delineate precisely the extent of in- 
volvement. Some judgment must then be exercised 
in determining the need for surgical treatment as well 
as the priority in its application. 

The sequential occurrence of these different pat- 
terns of arterial disease is also of considerable in- 
terest. In some patients, for example, after appro- 
priate treatment of occlusive disease in one arterial 
bed, the patient may remain asymptomatic for some 
time and later the disease develops in another arterial 
bed, although there may be no further progression 
of the disease in the originally involved arterial bed 
(Figures 24, 27). Thus, significant arterial and oc- 
clusive lesions may develop in several arterial beds 
over a period of ten to twenty years. 

as evidenced by survival of some patients for more 
than twenty years. 

graphic evidence of severe stenosis (Figures 30-32). 
In  Group 11 the rate of progression is moderate, 
usually over a period of five to  eight years (Figures 
33-35). In Group I11 the rate of progression is slow, 
usually over a period of ten to  twenty years (Figures 
36, 37). Of interest in this group is the fact that in 
some patients there may be no progression of the 
disease in the arterial bed a t  the original site after 
surgical correction, but ten or more years later, the 
disease appears in another arterial bed. 

Determination of the susceptibility of the indi- 
vidual patient to these different rates of progression 
is obviously highly desirable. Unfortunately, in our 
present state of knowledge, this has not been possible 
to accomplish. Analysis of our experience has not 
demonstrated a strong correlation between individ- 
ual risk factors, such as hypercholesterolemia, 
smoking, and hypertension, and the various rates of 
progression. Moreover, about one-fourth of the pa- 
tients have no identifiable risk factor. I t  would thus 
appear that the disease complex referred to  as arte- 
riosclerosis or atherosclerosis represents a number 
of distinctively different clinical and anatomi- 
copathologic patterns with various rates of progres- 
sion. 

Combined Aneurysmal and Occlusive Disease 
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